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Capacitive dividers on the high voltage lines 
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Abstract — In the developing countries, several villages are 
crossed by lines with high voltage yet the populations do not 
profit from the electricity which passes above their heads. The 
classical solution for the transformation of the very high voltage 
into low voltage for the profit of the rural populations is 
expensive and is not economically profitable for the distributors 
of electrical energy. The voltage dividers already used like 
transformers in the stations, can be resized for the extraction of 
small quantities along high voltage lines. This single-phase 
technique, would plaid in favor of the reasonable costs. On the 
work of transporting, the high voltage line would assume the 
role of distributor of electrical energy to the rural populations. 
This article is dedicated to the detailed research of the system, 
for the control of the parameters of the choice equipment, for an 
easy dimensioning in rural electrification. 

Index Terms — Extracting, Energy, capacitive dividers, high 
voltage lines. 


I. INTRODUCTION 

PRESENTATION OF A CAPACITIVE VOLTAGE 
DIVIDER 

For this kind of power supply, the return of the electric power 
being done by the ground. So, the level of the voltage of 
transport is reduced to a level of distribution then allowing the 
use of a MV/LV distribution transformer to pass from the 
average voltage level to that of the use. One distinguishes 3 
parts associated on three voltage levels: high, medium and 
low. 



Fig. 1: Capacitive voltage divider - Photo Hydro Quebec 225 


kV/20 kV 

- The high voltage is composed by the line and the capacitor 
Ci for coupling. 

- The medium voltage is composed by the capacitor C 2 , the 
compensation coil, the damping filter and the primary 
transformer MV/LV. 

-The Low voltage includes the second transformer and the 
load impedance Z„. 


H. SCHEMA OF THE PRINCIPLE CAPACITIVE 
DIVIDER 



Fig.2: Schema of the capacitive divider 


The equivalent schema reduced to the primary transformer is: 



Fig.3: Schema of the system reduced to the primary MV/LV 
transformer 


Notations 

Zy ,Z 2 : respectively impedances of capacity C/ and C 2 

Z 2 : impedance of capacity C 2 

Z„: impedance of the load to be supplied 

Z P0 \ impedance of the compensation coil 

Z F : impedance of the shock absorber filter 

Z: equivalent impedance of the network subjected to the 

medium voltage V 2 

Rj: Resistance of winding of the primary transformer 
R 2 : Resistance of winding of the second transformer 
R m : Resistor losses by iron in the magnetic circuit of the 
transformer 

R p \ Equivalent resistance of the transformer (reduce to the 
primary) 

X F i'. Reactance of winding of the primary transformer 
X F2 : Reactance of winding of the secondary transformer 
X,„: Reactance of magnetizing the MV/LV transformer 
V] ,V 2 : respectively voltages of poles capacity C t and C 2 
Vf Single Voltage of HV Line 
U „: Nominal voltage of the load Z„ 

S„: Apparent power of the load 
costp: Factor of power of the load 
Z = Z-Z 

Z^ w Zj Zjp Q 

a: Real part of Z w 
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/>: Imaginary part of Z H . 

F: Filter shock absorber 

k: Transformation ratio 

I: The primary current through Cj 

//: The current in the branch MT 

I 2 \ The current through the capacitor C 2 

L: Inductance coil of compensation of agreement coil 

T: MV/LV transformer 

Role of the compensation coil: 

The compensation coil plays a role in the compensation of the 
reactive energy that the capacitors produce. 

Role of the filter shock absorber: 

The filter shock absorber (F) is at the same time used to filter 
harmonics on the side distribution. 


III. CALCULATION OF THE IMPEDANCE Z 
SUBJECTED TO THE MV VOLTAGE V 2 


In load, the current value I Q is negligible that we can remove 
the branch of magnetizing and the voltage V 2 is applied to the 
following circuit: 



Fig. 4: Summary of the circuit under 
the MV voltage V 2 

(a) is the ratio: voltage medium / low voltage transformer. 
x p and R p be the reactance and resistance of the transformer 
reduced to the primary and Z p0 = jLco 

We have : x p = xf\ + a 2 xf 2 ; R = R { +a 2 R 2 ; 
(R p +jx p +a 2 Z,,)xZ F 
(R p + j x P + a ~Z n ) + Z F 

We set T JR p +iXp+a 2 Z_n)xZ_F , 

( R p + jx p +a~Z„) + Zp 

. xy y 2 

knowing that —-— = y ---, 

x + y x + y 


we have Z w =Z F - 


( Z F f 


W ~ ^ F . 9 - 

R n + j- X n +a ~Z n +Z F 


z = (Zp 0 + Z F ) 


p Jp 

<z F f 


Rp + jx P +a ~ z „ +z F 


[ 0 ] ( 1 ) 


Knowing that Z u , = Z F - 


c z P r 


W - 2 ~ 

R p + jx p + a Z n +Z F 


Writing Z p0 = jLco we have z = jLco+Z w 
We set a = Re(Zvr) and /? = Im(Zvi'), 
we have: |z| = Z = Ja 2 +{Lco+P) 2 

IV. DIVISION RATIO (k) AND OUTPUT VOLTAGE V 2 
V 2 : Output voltage divider MV 


V,/,: single voltage transmission line on which the draw is 
made. 



Fig.5: Simplified representation 
of the system 

U is the voltage of the line was for phase-ground voltage 

7 _ 1 • 7 _ 1 • 

Z-t 1 — — •) 2 


jC x co ~ jC 2 a> 

Ohm's law gives V l =Z l I so and V, = V, +V 2 so 


V 2 =V^-V l =V^-Z l I. 


Call Z i q = Z i + Z 2 // Z that is to say 

- - z,z 

z 6 „ - z, + ■=——= 
q z 2 + z 


[«] ( 2 ) 


Z eq : Represents the equivalent impedance of the entire 
system connected to the line HV. 

V 

The main current is then / = 


7 . 

^ eq 


■ * i». 


V 2 =V^-Zi(-J^) = V 4 
^eq 


- 

z 1+ 4^4 


Z 2 +Z 


w =VA 


, Z 1 z, 

1 + -=L + -Jr- 


[V] (3) 


now Z, = —-— ; Zt = —-— 
jC x co " jC 2 co 


we find 


V 2 =V{( 


1 


c 2 z, 

l + ^ + ^l- 

Cj z 


) 


V 2 = V d ^ X 

- Uc 1+ c 2 ) 


1 + - 


1 


jco(C\ + C 2 )Z 



ratio is then: k = 


Ci + C 2 1 


Ci jcoC x Z 


(4) 

transformation 

• - Vj. 

ratio k = S- 

v 2 
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- = ( Q + Q) 
Ci 


1 + - 


1 


jojZ(C t +C 2 ) 


(5) 


A schema opens Z = oo , so 



( 6 ) 


It has already been established that Z can be written 
Z =a + j(La>+ J3). Transformation ratio. 

1 


k = Y = (^L±^k) 


V, 


C, 


1- 


jcdZ (C 1 + C 2 )_ 

This indicates that the voltage V 2 is in phase with the line 
voltage Vj of the power line that k is pure real. 

So just what Z =a + j(La>+ j3) is imaginary pure, and 


therefore 


a =0=>Z = j{La> + /3) 


[0] (7) 


The relationship k Q = 


C i + C 2 

c, 


gives 


C 2 = (k 0 -1)Q 


[F] (8) 


It is known that k 0 is a constant strictly greater than 1. 

The relationship C 2 = (k 0 - \)C l shows that C 2 > Cj ; the 
lowest capacity is one that is directly connected to the line. 


The limited development -, with Ixl < 1 being 


1 + * 


-l) k x k 


1 " 

1 + x k =o 

We can write : 

1+1^1) A=0 C 2 

C 2 


and so 


1 


c, 


= 7r (— = _ i,i 

k =0 C? 


Ci + C 2 C 2 ^ + C\ 

c 


1 n r 1 

= p- + I<- 


Cj + c 2 

jC i C 2 ® 


i+(—-—=) Y (-1)* 

1+ iCocdZ — C 2 


Of the formula of k, we understand that the voltage division 
ratio depends on Z and therefore much of the load Z n . The 
ratio k is not constant. The voltage regulation V 2 is necessary 
because V 2 varies with load Z n . 


- jC 2 a)Z |—j; 

If we call the C 0 capacity equivalent to the set of two 
capacitors Ci and C 2 supposed in series and Z 0 the 
corresponding impedance, we would have: 

_L-_L 1 _ c, + c 2 

C 0 ~~ C, C2~CjxC 2 

- , _ C, x C 2 

from where C n = - 


Cj + C 2 


Development to order 2 gives: 


Zoj - Z 0 


1 + 


(l + ;C 2 ®Z J 


-Ci Jq 


,2\ 


v Cj ^ 


[Q] (10) 


Cl 


Conclusion: As C 2 to Ci is too large then so —-—> 0 

Co 


a) The Study of impedance Z t 

_ . - - Z, x Z 

The result Z&, = Zi + —-, 


— _ Z|Z 2 + ZjZ + Z 2 Z 

z 2 + z 


Z2+Z 
, so 


1 jC, x C 2 « 


(1 +-=) 

jCocdZ 


So 


7. 

^ eq 


C i+C 2 


(i—= 


] 


coZ (Q + C 2 ) 



[F] (9) 


As Ci is small compared to C 2 , to see what limit will tend 


Z. whatever Z . 

cq 


We have : 


Ci + Co c 


1 1 c 

= —( ) with 211->0 


1 + - 


C, 

C 9 




Z e<j ~^ Z 0 


lim ^eq 


z,'„. = Zn 


(f-wo 

C 2 


[Q] (11) 


In this case Z has no more influence and it is as if the system 
is idle. So if C 2 » Ci it Z = oo is as if it is, as if the vacuum 
system. 

7 , ^ _ (C t +C 2 ) 

(q 0 jcoC x x C 2 

b) Calculation of the current that passes through Cj 

We already know that 


(1 +- 1 ) 

1 jC 1 x Coco jC 2 coZ 


Z eq C 1 + C 2 

with 


J 


/ = ^ gives 

Z,„ 


i = 


jCiC 2 coV^ 
(C, +Co) 


coZ(C\ "i” Co) 


(i +-=) 

jC 2 coZ 


[A] (12) 


( 1 - 


«Z(Cj + C 2 ) 
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A empty (transformer MV/LV not connected) we have 
Z = oo 


/=/<> = 


C x C 2 a>V t 


r'' , /'■'< 


[A] (13) 


Z ~( Z P o + Z f)- 


(Z F 


R p + jx p + Z F+ a lU ^e» 


This expression of the current (13) can also be written: 

1 |14) 

VM+ Q_|____) 

jmZC 2 ( C ' +1) 

C 2 

Ci little toward C 2 we have 


Let us now expressed -L— as a function of the 

jcoZC 2 

transformation ratio k = — ■ 

V 2 

But it had already been established previously that 
1 


k = ( C ' +C ’ 2 ) 


k=(— - -) 

C, 


1 + 


jcdZ (Ci + C 2 ) 


1 + 


1 


which gives: j. 


jC 2 a)Z (I + C ' ) 
C 2 


1 


r C, 


■ = *■ 


C7i Ci + Co 

jC 2 coZ( i + -y-) 1 

c 2 


7 .. ( - /C i C 2 ( *’ V V v ,/ jC 2 oiz\ 

'(c. + cy’ < (1+ _1_ ) ) 

jC 2 a>Z 

y ~ jCiC 2 a>v$ 

C 1 + c 2 


[A] (15) 


V. REACTIVE POWER 


Gc=A' 2 (/ 2 ) 2 +X 1 (/) 2 


[VAR] (16) 




or_ 


1 


= k—^ -1 so 


jC 2 (oZ(] + ^ ) C 1 +C 2 


1 -= = a + -^-) 


jC 2 coZ C 2 


k( -^-)-l 

C, + C 2 


If / 2 = / 2 and / = 7 


Without the compensation coil, the power Q c supplied by the 
capacitors is: 


A 2 

has already been 


(1 + --_) 

calculated. / _ _ t jC 2 coZ 


-)x(- 


( C i +C 2 ) (l + _- 1 _ ) 

ja>Z(C 1 + C 2 ) 


So this expression reported in (19) gives: 

V = (-^-)V 2 0+(^ ± ^)(-^-D) 

* Q + C, C 2 (Cj + C 2 ) 

c,+c 2 c 2 c 2 

V = (-^^)v 2 a-i) so 


|y/>| = ( Cl + C2 )y 2 |(fc-i)| 

C 9 


Mow / 2 = -2- while / the expression of the main current and the expression 


(19) 


( 20 ) 


V 9 9 C\C^co 91 — —12 

< 2 c=^ 2 (Tf) +^ 1 ( 77 ^) V beCaUSe; 

X 9 


Ci + c 2 


Q c = LL + x (LIIHjV t - if 

c z 2 u q + c 2 c 2 2 1 


( 21 ) 


1 + 


1 


we set 


<5 = 


jC 2 coZ 


1 + _ 1 

jcoZ (Ci + C 2 ) 


Vo 


Q c =-^+Xi(Ci C u) 2 v 2 2 k'-ir 

X 2 

by replacing Xi= -J -— and X 2 - 


Cj® 


C 2 a> 


Qc = x 2 ^ 2 + [VAR] (17) 

A 9 t-'i i C^2 


Calculation: V^S : It had already been shown 

1 


'-'1 


1 + - 


jcoZ(C l + C 2 ) 


Vo 


The calculation gives: 


V^ = (^—^) 


jcoZC 2 


[V] (18) 


we find : Q c = C 2 ®V 2 “ + QoVy \k -1 



[F] (22) 


V 2 : MV voltage supplied to the MV / LV transformer and 
y 

k = -Jk : complex transformation ratio 

V 2 

This result expresses the reactive power that would produce 
the capacitive divider from the capacities (Ci) and (C 2 ), k is 
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generally a complex number because there is no evidence that 
tensions V^ and V 2 are in phase. 

is within an interval of length L 


The value 

caV 2 


Ci value 


<2 C 


0)V n 


- being low we see immediately that L 


Vi 


Vi 

C 2 +Ci(-f-l) 2 

+ 

C 2 +C i(l + -f)“ 

v 2 


v 2 


V, V, V, 

L = 2 — C, +2 — C, = 4C, —(23) 

v 2 1 v 2 1 v 2 



Qc 

eoV 2 


is as low as it can be considered as the value of the 

2 


average of the two extreme values. 

c 2 +Q(—-i) 2 +c 2 +Q(—+1) 2 

Qc V 2 V 2 

coV 2 ~ 2 

Vi , 

«C 1 + C 2 + C,(/) 2 

r 2 


[F] (24) 


We can write that Q c « Qe^V^) 2 +(C 2 + Qj&AV 


V3 is the voltage of the line to HV it is imposed then that 

V 2 will be the subject of a choice in relation to the capacity C| 
and C 2 . 

The expression Q c imposes the choice of a low voltage V 2 
average risk of injecting too much reactive power in the 
network and therefore the over-sizing of the compensation 
coil. 


VI. COIL COMPENSATION OF REACTIVE POWER 
INJECTED BY Q AND C 2 

By adopting the solution of the total compensation, the coil of 
compensation must be able to absorb reactive power 
produced by the capacities Ci and C 2 . 

This results in the following equation: 

X 2 I 2 2 + X l l 2 =X L (I 1 ) 2 [ VAR ] < 25 > 


|- Line HV 



Fig.6: capacitive divider and Coil compensation 


- jC { C 2 coV^ 

I =-—) x (1 + - 

Cj +C 2 


1 + 


1 


jC 2 o}Z 


1 + 


1 


jC 2 coZ (1 + ^ ) 
C 9 


2 y 2 

Equation (30) becomes _2_ + x l I 0 2 S 2 = (Lco)-^- 
X 2 z 2 


C,V d 

We had to establish that for a voltage y~ =- —, the 

C,+C 2 

power Q c produced by the capacitors Q and C 2 takes its 
minimum value 


Qc 


C,C 2 coV 2 

Ci + c 2 


(VAR) 


The compensation coil here would be one that would swallow 
up the power Q c 


Qc - Ql * 


C x C 2 coV 2 

Cj + C 2 



now 


V,= C ' V '* and Z 2 =a 2 +{L(q+P) 2 
‘ C,+C 2 

C x C 2 coV 2 (C^) 2 

-— = {Leo) - r J -rq 

Ci+C 2 (Ci+C 2 )-[a-+(L« + yS)“J 

C 2 — L - r -^- -h 

C x +C 2 [cc + (Z,<y + /?) J 

C 2 (C 1 +C 2 )[a 2 +{Lco + /3) 2 ] = LCj 

a 2 + (Lco + /3) 2 = -^- 

C 2 (Cj + C 2 ) 


(La) 2 + (2/3 --d- -)(Lco) + a 2 +/3 2 = 0 


(26) 


(27) 


(28) 

(29) 


a 2 + (Leo) 2 + 2/3(La>) + / 7 2 = 1 ( 30 ) 

CQks 2(^1 +C2) 

Equation of second degree that (La) will determine the value 
of the compensation coil. 

VII. STUDY OF THE VAC1 IT IM SYSTEM 



Fig.7: empty capacitive divider 


d 2 



h = 


Vi 

z 
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In this case, assume that Z = oo and therefore expression 

1 


k = ( Cj +C 2 ) , + —^- g 1V es 

Cj _ ycyZICj+Co) 

- c + c - 

k = (—- k becomes a pure real which implies that the 

Q 

voltages Vm and V 2 are in phase; so 


k-l = l + ^-l = ^- 
Ci C, 


(31) 


Qr i- | 2 C 2 2 

= C 2 +C 1 \k-l\ = C 2 + Ci(——) 2 


coV , 


C, 


g c = ®c 2 y 2 2 (i + -^) 
e c =®(c 1+ c 2 )-^y 2 2 


As -1 = —L , we find 

C, 


(32) 

(33) 


Q c =©(C 1 +C 2 )(fc-l)y 2 - 


(34) 


either 


a) Vai 


(v 2 y 


^ = ®(C, +C 2 \k- 1) 


(35) 


It was demonstrated that 


y«» 




i 

joj(C | + C 2 )Z 


1 + 


y 2 : MT output voltage divider 

\/ 4 = : Line Voltage HT on which it is drawn off. 

A vacuum Z = oo , was then — _ V $ 

20 “ C, + C 2) 

Cl 


[V] (36) 


b) Calculation of the current that passes through Ci and 

C 2 

We know that 

T _JCx <V 2 a>V+ (1 + jc 2 QJZ } 



(Cj + C 2 ) 


( 1 - 


J 


coZ (Cj + C 2 ) 


) 


A vacuum Z = oo is found 
C,C 2 oV ^ 


7 = / 0 = 


Cj + C 2 


Another line of reasoning leads to the same result; indeed, to 

C x C 

empty the capacity equivalent C A/ = to the assembly 


of the two is at an impedance Z 0 = 


Ci +C 2 
1 


C iq a> 


The relationship V^ = 


C iq (0 


led to v = 


C, +C 2 
o)C l C 2 

(Q + C 2 )/ 0 

ftX ; C , 


The same result is confirmed: 


4 = 


Cj c 2 «y^ 


Ci + Ci 


(37) 


VIII. Applications in case of the v il lage Mogroum in 

Chad 

On the assumption that one has a capacitive divider that 
provides a medium voltage of 20 kV from the potential line 
220 kV project. 

It was V A = > we ma y exercise the load calculation to 


s 


write 


_ Ci + C 2 = Y± = 5 35 anc [ so = 5 35 
Cj C C, 

Assuming a load current to the relatively low land of about 0.3 
A, we write the equation: 

/„ = ( C ' x Cl - jfe,vc with ft; = 314 rad/s 
C x + C 2 

The combination of these two equations results in: 

Cj = 5,95 nF and C-, = 31,80«F 
A vacuum, such a divider would inject reactive power 

e c =^i(/ 0 ) 2 +^ 2 ( 4) 2 


= ( X 1 + X 2 )(/ 0 ) 2 

1 1 /n~ 


e c =(— + — )2JT_ [VAR] (38) 

Ci C 2 ^ 

Include: Q c = 25 kVAR 

IX. CONCLUSION 

The system does not produce directly the low voltage, it 
requires the incorporation of an intermediate MV/LV 
transformer to supply the load LV. The maintenance of such 
system can be in favor of the rural populations of the 
developing countries. 
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